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Early Prophylactic versus Late Selective Use of Surfactant for 
Respiratory Distress Syndrome in Very Preterm Infants: A 
Collaborative Study of 53 Multi- Center Trials in Korea 

Pulmonary surfactant (PS) therapy was proven to be highly successful for the treatment of 
respiratory distress syndrome in premature infants. As a results, early prophylactic (EP) PS 
therapy has been introduced recently in Europe, the US and Korea. However, no multi- 
center study was compared EP and late selective (LS) PS therapies in Korea. We performed 
a retrospective multi-center study to compare the outcomes of EP and LS PS therapies in 
very preterm infants. We analyzed clinical morbidity and mortality for 1 ,291 infants in 
2010 (LS group) and 1 ,249 infants in 2011 (EP group); the infants were born < 30 weeks 
of gestation and had birth weight < 1 ,250 g, and were chosen from 53 neonatal intensive 
care units in Korea. Compared to the LS group (22.5%), the overall mortality was better in 
the EP group (19.9%) and there was no increased need for retreatment. There were 
additional benefits in the EP group such as fewer associated complications. To the best of 
knowledge, our study is the first nationwide Korean study to compare the outcomes of EP 
and LS therapies, and it provides evidences that EP PS therapy is important in very preterm 
infants to improve for survival and reduce morbidities. 
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INTRODUCTION 

Respiratory distress syndrome (RDS) is defined as respiratory 
failure due to lack of pulmonary surfactant (PS). It is the most 
common pulmonary disease and is a major cause of death in 
premature infants. In 1980, an artificial PS preparation was suc- 
cessfully developed by Fujiwara et al. (1) by mixing bovine PS 
extracts with artificial phospholipids; clinical trial in 10 prema- 
ture infants showed dramatic improvement in clinical symp- 
toms and prognosis. From the 1990s onwards, several artificial 
PSs have been produced commercially around the world as 
standard therapy for RDS. This has markedly improved the sur- 
vival of preterm, low birth weight, and very low birth weight in- 
fants, and has resulted in improvements in neonatal and infant 
mortality (2). 

In Korea, Surfacten® (Mitsubishi Pharma Corporation, To- 
kyo, fapan) has been used since 1991, Exosurf® (Wellcome 
Foundation Ltd, London, UK) from 1991 to 1997, Curosurf® 
(ChiesiFarmaceutici, Parma, Italy) since 2003, Newfactan® (Yu- 
han Pharm Corporation, Seoul, Korea) since 1996, and Infasurf 
(Samaritan Pharmaceuticals, Las Vegas, NV, USA) since 2007. 
There have been five national reports (3-7) in Korea on the out- 



comes of PS therapy in all newborn infants, showing a marked 
improvement in mortality ranging from 40.0% in 1990, to 30.0% 
in 1996, 18.7% in 2002, 14.3% in 2007 and 10.1% in 2010. The PS 
therapy in these reports was late selective (LS), not early pro- 
phylaxis (EP). 

PS therapy can be divided into EP and LS (8, 9) according to 
the timing of therapy. EP therapy corresponds to both applica- 
tion of PS after diagnosis of RDS for early rescue (1-2 hr after 
birth) and prophylaxis within 15 min of birth before a diagnosis 
of RDS in infants born at < 30-32 weeks of gestation. LS therapy 
corresponds to application of PS after diagnosis of RDS for late 
rescue after birth ( > 2 hr after birth). EP PS therapy and rapid 
extubation (InSuRE) immediately after birth, which comprises 
the early administration of PS replacement followed by imme- 
diate extubation and stabilization on continuous positive air- 
way pressure (CPAP), has had a favorable outcome (10, 11). 
Several meta-analyses report that EP therapy has a better out- 
come than LS therapy (2, 9, 12, 13). Among them, Soli and Mor- 
ley reported that EP resulted in an odds ratio of 0.62 for overall 
mortality (14). 

PS therapy for RDS in Korea is controlled by the national 
medical insurance policy of the Korean Ministry of Health and 
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Welfare (KMHW), which has limited its usage strictly to cases of 
oxygen need or mechanical ventilation and positive signs on 
chest radiograph since 1991. Repeated dosing was approved in 
2002, and thereafter, EP PS replacement therapy for RDS was 
approved in 2011. We therefore undertook a comparison the 
efficacy of EP therapy ( < 2 hr after birth) in 20 1 1 with that of LS 
therapy ( > 2 hr after birth) in 2010 in Korea, analyzing mortality 
and complications among very preterm infants born at < 30 
weeks of gestation or with birth weight < 1,250 g. 

MATERIALS AND METHODS 

We analyzed 2,540 cases of PS use in infants from 53 neonatal 
intensive care units (NICUs) in Korea during two study periods. 
The infants were born at < 30 weeks of gestation or had birth 
weight < 1,250 g. We divided the patients into two groups based 
on the study period and type of PS therapy: the LS group (1,291 
cases in January to December 2010) and the EP group (1,249 
cases in January to December 201 1). 

From January to December 2010, the indications in the na- 
tional medical insurance policy of the KMHW for PS therapy 
for RDS in the LS group were as follows: 1) clinical evidence of 
respiratory difficulties; 2) radiologic evidences of RDS (diffuse 
granular opacities or air-bronchogram in the both lung fields; 3) 
need for mechanical ventilation (FiCfe > 0.4) to sustain optimal 
blood O2 saturation (50-80 mmHg). From January to December 
2011, the national health insurance policy was changed as fol- 
lows (EP group): adrninistration of PSs to infants born at < 30 
weeks of gestation or with birth weight < 1,250 g within 2 hr of 
delivery in the delivery room or neonatal intensive care unit (NI- 
CU) without radiological evidence of RDS. 

We collected the following data for each group from each 
NICU; birth weight, gestational age, time of PS therapy after 
birth, PS dose, response after PS use, length of endotracheal in- 
tubation, length of mechanical ventilation, days of oxygen sup- 
ply, and admission days in the NICU. Response after PS admin- 
istration was graded as follows: 1) good response: persistent in- 
crease of arterial-to alveolar oxygen pressure ratio (a/AP02) 
> 0.2, decrease of mean airway pressure (MAP) > 2 cmFLO at 
least 120 hr after PS use; 2) relapse: good response during the 
first 24 hr, then decrease of a/APCfe to 50% of the baseline level, 
increase in MAP to 50% of baseline level; 3) poor: no increase in 
a/AP0 2 > 0.2 after 6 hr of PS use. 

We also compared the followings, such as sepsis, disseminat- 
ed intravascular coagulation (DIC), patent ductus arteriosus 
(PDA), pneumothorax or pneumomediastinum, intraventricu- 
lar hemorrhage (IVH) > grade 2, pulmonary interstitial emphy- 
sema (PIE), bronchopulmonary dysplasia (BPD), persistent 
pulmonary hypertension (PPHN), retinopathy of prematurity 
(ROP), necrotizing enterocolitis (NEC), pulmonary hemorrhage, 
pneumonia, and cholestasis. PDA was diagnosed by echocar- 



diography, and only symptomatic cases were identified. IVH 
was defined as a diagnosis of higher than grade II on cranial ul- 
tra-sonography by classification of Papile et al. (15). BPD was 
defined by Jobe and Bancalari criteria (16) as a need for supple- 
mental oxygen at 36 weeks of gestation. PPHN was defined as 
right-to-left or bidirectional shunting across a patent foramen 
ovale and a ductus arteriosus and evidence of increased pulmo- 
nary pressure without other cardiac anomalies visualized by re- 
al-time echocardiography. NEC was defined as a diagnosis high- 
er than stage II in the modified Bell's staging criteria (17), or ne- 
cessitating surgery. Cholestasis was defined as an elevation of 
serum direct bilirubin levels to > 2.0 mg/dL. Sepsis was defin- 
ed by clinical findings, and the presence of bacteria or fungus 
in blood culture. Pneumothorax, pneumopericardium and PIE 
were diagnosed using chest radiography. 

The data were collected results of two years (2010 and 2011) 
in hospital NICUs, so we could only analyze aggregated data by 
hospital units. Summary measures (means, proportions) of 
study variables in each year were estimated with weighting by 
the number of cases in each hospital and compared before and 
after introduction of the indications of the national medical in- 
surance policy of the KMHW for PS therapy for RDS in 2011. 
Weighted paired i-test and multilevel regression anaysis were 
performed assuming that the effect of each hopsital was ran- 
dom. P values < 0.05 were considered significant. Statistical 
analysis was performed by a statistician without knowledge of 
patients group or outcomes by using Stata 12. 

Ethics statement 

This study was approved by the institutional review board of 
Kyung Hee University Hospital at Gangdong (IRB No. 2014-02- 
001). 

RESULTS 

We analyzed 1,291 cases in 2010 (LS group) and 1,249 cases in 
2011 (EP group) from 53 NICUs. Table 1 shows the clinical de- 
mographic characteristics and method of PS use in enrolled 
cases. The mean birth weight of the infants in the EP group (959 
g) was significantly smaller than that of the infants in the LS 
group (1,005 g) (P = 0.040), although the gestational age of the 
two groups was similar. The time interval from birth to treat- 
ment was significantly different between the two groups, as ex- 
pected (2.9 hr in LS group vs. 0.6 hr in EP group, P = 0.002). 
Surfacten® was most popular preparation used in both groups, 
and the use of Curosurf * increased from the 2010 to the 2011 
study period. A single dose of PS was frequently used in both 
groups. The use of multiple doses of PS was not significantly 
different between the two groups, even though the use of PS in 
the EP group was earlier compared to that in the LS group. 
Table 2 shows the clinical outcome after PS therapy and the 
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Table 1. Demographic characteristics and pulmonary surfactant use in enrolled cas- 
es for late selective and early prophylactic groups in Korea 

Characteristics LS group EP group Pvalue 

Demographics 



Study duration 


January-December 


January-December 






2010 


2011 




No. of neonatal intensive care 


53 


53 




units in Korea 








No. of infants aged < 30 weeks 


1,760 


1,694 




of gestation or birth weight 








< 1,250 g 








No. of subjects in the study 


1,291 


1,249 




Gestational age (weeks) 


27.6 + 0.0 


27.5 + 0.0 


0.804 


(mean + SE) 








Birth weight (g) (mean + SE) 


1,005 + 2.6 


959 + 3.4 


0.040 


Time of PS therapy after birth 


2.9 + 0.2 


0.6 + 0.0 


0.002 


(hr) (mean + SE) 








'S use 








Dose 








Single (%) 


75.3 


74.4 


0.769 


Multiple (%) 


24.7 


25.5 


0.769 


Preparations 








Surfacten® (%) 


58.0 


44.2 


0.031 


Newfactan® (%) 


26.0 


25.4 


0.497 


Curosurf 8 (%) 


15.0 


27.1 


0.011 


Infasurf® (%) 


0.0 


0.8 


0.293 


Mixed (%) 


1.0 


2.5 


0.089 



EP, early prophylactic use; LS, late selective use; PS, pulmonary surfactant. 



morbidity of enrolled cases. There was no difference in the re- 
lapse rate after PS between the two groups, although the EP 
group had less frequency of good responses than those in the 
LS group due to more frequent use of PS in the delivery room. 
The length of endotracheal intubation was shorter in the EP 
group than in the LS group, even though no significant differ- 
ence in the time of mechanical ventilation (including CPAP) 
between the two groups. Duration of oxygen supply was longer 
in the EP group than in the LS group, probably due to the small- 
er birth weight of infants in the EP group. There was no signifi- 
cant difference in NICU admission days between the two groups. 
Regarding morbidities in the two groups, there was a significant 
reduction in the incidence of PDA, BPD, PPHN, pneumonia, 
and cholestasis in the EP group than in the LS group. 

Regarding mortality in the two groups (Table 3), there was a 
significant decrease in overall mortality (19.9% in the EP group 
vs. 22.5% in the LS group) and mortality within 28 days after 
birth (15.8% in the EP group vs. 17.9% in the LS group) in the EP 
group compared to those in the LS group. In addition, there was 
a significant decrease in the mortality for cases with single and 
multiple dose of PS in the EP group compared to that in the LS 
group. 

DISCUSSION 

We have demonstrated a decrease in overall mortality in the EP 
group without an increase in the need for retreatment com- 
pared to that in the LS group. Furthermore, decreases in the du- 



Table 2. Comparison of clinical outcomes after pulmonary surfactant therapy and 
morbidity in late selective and early prophylactic groups for pulmonary surfactant use 
in Korea 



Clinical outcomes 


LS group 


EP group 


P value 


Response after pulmonary 








surfactant therapy (%) 








Good 


69.7 


67.8 


< 0.001 


Relapse 


17.3 


16.2 


0.138 


Poor 


13.0 


16.0 


0.632 


Length of endotracheal 


22.1 ± 0.3 


18.0 + 0.3 


0.070 


intubation (days) (mean + SE) 








Length of mechanical ventilation 


29.2 + 0.4 


29.2 + 0.4 


0.705 


(including CPAP) (days) 
(mean + SE) 








Dywnpn Qiinnh/ Mav/Q^ 
UAyycii supply \uayoj 


3fi 7 + 0 5 


42.3 + 0.5 


0.133 


fmpan + SR 








Admission days in NICU (days) 


/Z. I ± U.o 


fU. I ± U.D 


u.o4y 


(mean ± ot) 








Morbidity (%) 
Sepsis, DIC 


40.0 


38.0 


0.685 


PDA 


64.4 


57.1 


< 0.001 


PTX or pneumomediastinum 


6.4 


5.8 


0.184 


IVH (grade > 2) 


20.3 


20.9 


0.159 


PIE 


9.2 


4.8 


0.074 


BPD 


54.4 


51.0 


0.001 


PPHN 


7.5 


5.1 


0.036 


ROP 


29.6 


28.7 


0.812 


NEC 


13.8 


14.2 


0.864 


Pulmonary hemorrhage 


12.5 


12.5 


0.173 


Pneumonia 


13.3 


8.3 


0.037 


Cholestasis 


16.6 


12.7 


0.039 



BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; DIC, 
disseminated intravascular coagulation; EP, early prophylactic; IVH, intraventricular 
hemorrhage; LS, late selective; NEC, necrotizing enterocolitis; NICU, neonatal inten- 
sive care unit; PDA, patent ductus arteriosus; PIE, pulmonary interstitial emphysema; 
PPHN, persistent pulmonary hypertension; PTX, pneumothorax; ROP, retinopathy of 
prematurity. 



Table 3. Comparison of mortality in late selective and early prophylactic groups for 
pulmonary surfactant use in Korea 



Administration time and dose 


Mortality rate (%) 
LS group EP group 


- P value 


Administration time 








< 28 days after birth 


17.9 


15.8 


0.001 


> 28 days after birth 


4.6 


4.1 


0.071 


Dose 








Single dose 


13.1 


11.8 


< 0.001 


Multiple dose 


9.4 


8.0 


0.076 


Total 


22.5 


19.9 


< 0.001 



EP, early prophylactic use; LS, late selective use. 



ration of endotracheal intubation and the occurrence of mor- 
bidities, mcluding PIE, PDA, BPD, PPHN, pneumonia, and cho- 
lestasis, were evident in the EP group. To the best of our knowl- 
edge, our study is the first nationwide Korean study to compare 
the outcomes of EP and LS PS therapies, and it provides evi- 
dence that EP PS therapy is important in very preterm infants to 
improve survival and reduce morbidities, even though it was a 
retrospective non-randomized controlled study. 

With regard to the clinical use of EP PS therapy, there are sev- 
eral guidelines for very preterm infants, particularly in Europe 
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and the US. The American Academy of Pediatrics recommends 
EP PS therapy ( < 2 hr after birth) in infants born at < 30 weeks 
of gestation and a low rate of exposure to antenatal steroids to 
decrease mortality and the frequency of adverse respiratory 
outcomes (9). European consensus guidelines (8) recommends 
EP PS therapy (within 15 min of breath) for infants born at < 26 
weeks of gestation and infants born at 26-30 weeks of gestation 
when intubation is required in the delivery room or if the moth- 
er has not received prenatal corticosteroids. In addition, EP PS 
therapy should be given if there is evidence of RDS in infants (8, 
18). Recentiy updated European guidelines suggests that EP PS 
therapy would be used to treat extremely preterm infants born 
at < 26 weeks of gestation when Fi02 requirements are > 0.30 
and preterm infants born at > 26 weeks of gestation when Fi02 
requirements are > 0.40 (19). 

Korean guidelines were developed based on the US and Eu- 
ropean guidelines and consultation with the Korean Society of 
Neonatology (9, 18-20). The national medical insurance policy 
of the KMHW for PS therapy for RDS recommends that PS be 
administered to infants born at < 30 weeks of gestation or with 
birth weight < 1,250 g within 2 hr of birth in the delivery room 
or NICU without evidence of radiological evidence of RDS. 
These new guidelines were based on studies showing the effi- 
cacy of EP PS in decreasing mortality and morbidities in very 
preterm infants. 

Several meta-analyses have reported the efficacy of EP PS on 
the mortality of very preterm infants. Jobe (12) reported a de- 
crease in the mortality rate of 50% in the prophylactic group 
compared with the non-treatment group in a meta-analysis of 
35 randomized controlled trials. Pramanik et al. (13) and Soil 
and Morley (14) also reported a beneficial effect of prophylactic 
PS treatment, particularly in infants born at < 30 weeks of ges- 
tation, in agreement with our data. With regard to the frequency 
of adverse respiratory outcomes, several studies have reported 
a significant reduction in severe RDS, air-leak, and BPD with EP 
PS therapy, in accordance with our results. Soil and Morley (14) 
reported a decrease in RDS, mortality, pneumothorax, PIE, and 
combined outcome of BPD or death. Egberts et al. (21) reported 
a significant decrease in severe RDS, mortality, and BPD in vey 
preterm infants born at 24-31 weeks of gestation. Walti et al. 
(22) reported that EP PS therapy in infants born at 25-31 weeks 
of gestation decreased the occurrence of severe IVH and ROP. 
However, this was not observed in our study. Stevens et al. (11) 
reported a decrease in PDA, especially for PS treatment with 
Fi02 < 0.45, in an EP group compared with a LS group, in accor- 
dance with a decrease in other respiratory outcomes in our re- 
sults. Our data showed decrease of cholestasis in EP group, whe- 
reas Tan (23) reported no significant correlation between cho- 
lestasis and RDS. Our data demonstrated no difference between 
two groups regarding re -administration of PS in contrast with 
previous reports (24, 25), showing a decrease of re-administra- 



tion of PS in the EP group. 

The SUPPORT trial (26) recentiy emphasized the importance 
of CPAP application as an alternative method of support, simi- 
lar to a previous method featuring endotracheal intubation and 
PS, in 1,316 very preterm (gestational age 24-28 weeks) infants 
in 2010. Dunn et al. (27) concluded that very preterm infants 
with either nasal CPAP or EP PS with rapid extubation (InSuRE) 
to nasal CPAP had similar outcomes to EP PS with subsequent 
mechanical ventilation, and that initial CPAP and LS PS might 
be an acceptable alternative, in accordance with other studies 
(2, 28). Our study is limited by the lack of analysis on the type of 
respiratory support, such as use of nasal CPAP and InSuRE, and 
lack of data on long-term outcomes. 

Mortality of RDS has decreased markedly since PS therapy 
was brought to Korea (3-7). Furthermore, it has contributed 
greatly to the recent improved outcome of very and extremely 
low birth weight infant in Korea (29-32). Therefore, establish- 
ment of EP PS therapy for RDS would bring further improved 
outcome especially in the mortality. 

In conclusion, we have demonstrated the efficacy of EP PS 
therapy as developed by the national medical insurance policy 
of the KMHW for RDS in a national retrospective multi-center 
study. Furthermore, we identified decrease in overall mortality 
and the occurrence of morbidities including PIE, PDA, BPD, 
PPHN, pneumonia, and cholestasis with use of EP PS therapy. 
Further studies are needed to develop the method of EP PS 
therapy with routine CPAP or InSuRE compatible with each in- 
stitutional environment. 
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